Abstract-
INTRODUCTION
Fractional Calculus is three centuries older like ordinary calculus [1] . Last few years apart from mathematics it is applied to several fields of engineering and technology. Fractional order system is nothing but non integer system. [2] [3] For closed loop control system there are four alternatives:-
1) Integer Order(IO) system with IO Controller. 2) IO system with FO Controller. 3) FO system with IO Controller. 4) FO system with FO Controller.
In this paper FOPID Controller and IOPID Controller are discussed for Fractional order Depth system of AUV. To design robust controller for fractional order system rather than integer order controller fractional order controller gives greater flexibility.
Nowadays, in various systems fractional order controllers are used. Software tools in MATLAB such as FOMCON, NINTEGER, CRONEL etc are available for fractional order modeling and control of dynamic systems [4] [5] . In this article these tools are used for testing and simulation of fractional order depth system of AUV.
There are various examples found in references for fractional order PID Controller. The step response characteristics are shown with iso damping property. The main contributions of this paper are:
1) Fractional calculus in modeling of dynamic systems.
2) Simulation study of fractional order model with integer order controller. 3) FOPID Controller can best perform than IO Controller.
The paper is organized as follows. In section-II AUV depth system is discussed in detail. The mathematical model of depth system and related parameters are mentioned. In section-III FOPID and basics of mathematics in FOPID are explained. In section-IV fractional order AUV Model with IOPID and FOPID Controllers is illustrated and compared. In section -V conclusion and future scope are discussed from the results.
II. DEPTH SYSTEM OF AUV
In many applications in shipping, mining, defense etc. Autonomous Underwater Vehicles are used. Modeling and control of AUV is big challenge for researchers due to its complexity and involved hydrodynamics. The complete mathematical model of AUV is divided into three subsystems: i) Surge system ii) Speed system iii) Depth system. Here depth system of AUV is considered. From the statics and dynamics of AUV linear and angular motion equations are obtained. Based on Newton's law two basic equations are used for modeling of AUV. Refer equations (1) & (2). (1) and (2) linear zed depth model in state space system is as follows (3): [7] ( )
Considering the state vector as x and control vector as u (4) is:
The state space system is typically expressed as x Ax Bu = + With a forward velocity of vehicle as U = 1.54Knots. The experimental parameter values are as in Table 1 . 
RL Definition is given by (6)
(n -1) < r < n and Γ () is Gamma function.
The Caputo definition is given by (7)
( n -1) < r < n
The state space form of fractional order system is expressed in Laplace Transform and the transfer function is as follows (8):
The most common form of fractional order PID controller [9] is in the PI D λ μ form. The order of integrator is λ and that of differentiator is μ and both are real numbers. The transfer function of such PID controller is (9):
( , 0) 
A. IO PID controller for Depth system of AUV
Here simulations are carried for fractional order Depth system of AUV for IOPID and FOPID controllers. The transfer function [12] of depth system [13] of AUV in fractional order is given as (11): T.F= 
For optimally adjusted PID controller in integer order the values of proportional, integral and derivative gains and other performance parameters are shown in Table 2 . Fig. 2(a) & Fig. 2(b) shows step response and bode plots for open loop depth system of AUV respectively. Fig. 3(a) shows unit step response for the system applied with IOPID controller and Fig. 3(b) shows Bode plots of the controlled system. The simulation block diagram is shown in Fig, 4 .
FOPID has two more extra parameters, λ & μ than
IOPID. Because of these extra parameters FOPID performs more better than IOPID [14] .There is no fixed method for In this paper a fractional order PID controller is compared with
Integer order PID for fractional order Depth system of AUV.
Using numerous simulation comparisons it indicates that the fractional order PID controller can be well implemented than ordinary integer order controller for fractional order model of depth system of AUV. FOPID works better than IOPID. From the simulation results it is seen that approximation no longer affects on performance of controller. The rise time, settling time, overshoot in FOPID are improved than IOPID. Slight steady state error is observed in the response of FOPID but is negligibly small. (Fig.5) In spite of better performance of FOPID in modeling and control aspects the research in fractional control system is still in its primary level. In future the tuning rules of FOPID may develop so also the modeling techniques. 
